The ultrastructure of the vegetative colonies of Phaeocystis pouchetii (Hariot) Lagerheim is described here for the first time from an electron microscope study. The fine structure of this colonial non-motile form is essentially similar to that of the flagellated zoospore. The non-motile vegetative cells of P. pouchetii lack the dimorphic body scales characteristic of most free-living flagellated zoospores of Prymnesiophyceae. Instead, they are protected by a multilayered mucilaginous envelope (of up to 10 layers). Chrysolaminarin vesicles, thought to form from the golgi body and enclosed in a unit-membrane, periodically protrude through the plasmalemma into the external surrounding mucilaginous layer. It is suggested that these chrysolaminarin vesicles are directly related to the deposition of mucopolysaccharide outside the cell to add new layers to the existing envelope.
INTRODUCTION
Phaeocystis pouchetii (Hariot) Lagerheim is classified as a member of the Class Prymnesiophyceae because of the Prymnesium-like zoospore with 3 filamentous appendages. Free-living dimorphic zoospores (Kornmann 1955) , and possibly a third benthic form (Kayser 1970) , are known to alternate with the gelatinous palmelloid phase. Received 13 March 1984; accepted 30 May 1984 
MATERIALS AND METHODS
Phaeocystis pouchetii colonies were cultured from samples taken during the "slime" outbreak in spring 1981 in Tasman Bay, northwest of the South Island, New Zealand. The culture used for these studies was maintained in a soil enriched medium (Chang 1983) .
About 20 ml of unpreserved culture were prepared for scanning electron microscopy by filtering through a Sartorius cellulose nitrate membrane filter (25 mm diameter, 0.8 um pore size). Non-motile vegetative cells were treated with Lugol's iodine solution to remove their mucilaginous envelopes and these denuded cells were then processed, in a similar manner as described above, for observation Ch cy.Y./ m Fig. 1 Transverse section of a young, non-motile, vegetative cell with a multilayered mucilaginous envelope (ME). Note the groove which appears as an invagination (shown with double arrows), some chrysolaminarin vesicles (CV) opposite the groove, portions of parietal chloroplast (Ch), the nucleus (N) with nucleolus, a lipoid body (LB), a golgi body (G), mitochondria (M), protruded structure (PS) through the plasmalemma, membrane-bound detached vesicle (DV), and some fragments of unitmembrane like structure (single arrows). Scale bar = 1 urn.
in the scanning electron microscope. After rinsing with distilled water, small segments of membrane filter (8x8 mm) were excised and immediately frozen in freon kept at liquid nitrogen temperature (-190°C) . The samples were subsequently transferred to liquid nitrogen and freeze dried at -70°C for 3 days (Chang & Troughton 1974) . Specimens mounted on stubs were coated with carbon and gold/palladium, and micrographs were taken with a Cambridge II scanning electron microscope.
For transmission electron microscopy, Phaeocystis colonies were fixed for 1 h at room temperature (Parke & Green 1971) in 5% glutaraldehyde made up in 0.1 M cacodylate buffer (pH 7) and 0.25 M sucrose. The fixed colonies were then centrifuged at 1500 rpm for 10 min before being fixed further in 2% osmium tetroxide at 4°C in a refrigerator for 2 h. The fixed colonies were dehydrated through a graded series of acetones before being embeded in Standard Low Viscosity Medium (Spurr 1969) . Sections were cut with glass knives on a LKB microtome and stained first with 2% uranyl acetate and then with Reynolds lead citrate for 5 min each. The specimens were then examined and micrographs taken with a Philips 2000 transmission electron microscope. Direct observations of the mounted whole colonies of Phaeocystis were also made with a Zeiss light microscope.
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OBSERVATIONS
Gelatinous colonies
Young Phaeocystis colonies are more or less spherical, whereas mature colonies are ellipsoid or oblong in shape and are united to form large gelatinous masses. Each of these mature colonies contains from 4-8 non-motile vegetative cells (as many as 258 cells per colony have been recorded by Kornman (1955) ) and these cells are enclosed within the mucilaginous envelope. Viewed in a transmission electron microscope this envelope has a multilayered gelatinous structure (Fig. 1) .
The thickness of each gelatinous layer of mature colonies varies from 0.2-3.5 \im, but is generally < 0.5 urn. The overall thickness of the mucilaginous envelope is about 5 um (average of all ultrathin sections examined), and there may be up to 10 layers.
Non-motile vegetative cells
Non-motile vegetative cells lack the unmineralised pectic polysaccharide body scales ( Fig. 1 and 2 ) characteristic of most free-living flagellated zoospores of Prymnesiophyceae. These cells are slightly bean-shaped (Fig. 2) because a groove runs longitudinally along one end of the cell. The function of this groove is not fully understood, but cell division begins in this region.
Microanatomy of the vegetative cell
Within the cell there are 2-4 parietally arranged chloroplasts. The lamellae of the chloroplast are composed of 3 thylakoicls (Fig. 3) . Small plastoglobuli are common in the stroma between thylakoids. The nucleus with its single nucleolus is always situated close to a chloroplast (Fig. 1) .
Like the free-living zoospore (Parke et al. 1971 ), highly refractive vesicles are generally found at the posterior of the non-motile vegetative cell opposite the groove (Fig. 1 and 4) . These vesicles stain blue with dilute crysyl blue indicating they contain chrysolaminarin (Parke et al. 1971; Hibberd 1980) . These chrysolaminarin vesicles are surrounded by a unit-membrane like structure (Fig. 4) . Detached vesicles were observed outside the vegetative cell but inside the mucous layer (Fig. 5) . Some membrane structures were also observed protruding through the plasmalemma, and were constricted at the point of protrusion (Fig. 6 ). Although these structures are not obviously related in form it is presumed they represent the extrusion of the vesicles through the plasmalemma.
Vesicles were frequently observed in an actively growing culture using a light microscope. The extruded vesicle first appears at a localized point and then increases in size and pushes its way into the existing mucous layer. Eventually the contents of this vesicle are discharged and form part of the surrounding envelope.
A single golgi body lies close to the nucleus. The cisternae of the golgi body are relatively narrow and are generally swollen towards the outer face. Large cavities containing whorls of membrane structure, reminiscent of the chrysolaminarin vesicles, occur at the distal Golgi cisternae (Fig. 7) . Therefore chrysolaminarin vesicles are thought to be produced from the dilated end of these cisternae. These structures are characteristic of Prymnesiophyceae (Hibberd 1980) .
DISCUSSION
The fine structure of the non-motile form of Phaeocystis pouchetii (Hariot) Lagerheim is essentially similar to that of the flagellated zoospore (Parke & Green 1971 ), except in a few respects (Table 1) . The most striking feature of the colonial, non-motile form of P. pouchetii is its ability to produce large, multilayered, mucilaginous envelopes. Massive accumulation of this gelatinous material sometimes clogs fishing nets causing problems for fishermen (Savage 1930 (Savage , 1932 Pieters et al. 1980; Chang 1983 ). The non-motile vegetative cells contain chrysolaminarin vesicles like the motile flagellated form of P. pouchetii (Parke & Green 1971) and other free-living zoospores belonging to Prymnesiophyceae (Carter 1937; Parke 1949; Manton & Leedale 1963; Parke & Green 1971; Chretiennot 1973; Green et al. 1982) . The chrysolaminarin produced in these vesicles probably forms the bulk of the mucopolysaccharide envelope of the non-motile colonial form of P. pouchetii.
Extrusion of droplets of chrysolaminarin (previously known as leucosin (Meeuse 1962) ) were observed with the light microscope; this is related to the protruded structures and detached vesicles found outside the parent cell seen in electron microscope sections. Chrysolaminarin in these structures enclosed within the unit-membrane is extruded through the plasmalemma. Chrysolaminarin extruded extracellularly immediately swells on contact with seawater and solidifies into a comparatively tough, gel-like envelope (Kornmann 1955) . The extrusion of chrysolaminarin droplets also occurs in the flagellated cell of Prymnesium parvum (Carter 1937) , but no gelatinous envelope is formed around the motile cell. An actively growing culture of the non-motile form of Phaeocystis secretes up to two thirds of its photoassimilated carbon (Guillard & Hellebust 1971) . It is likely that mucopolysaccharides which are channeled to form new mucous layers represent a good proportion of the carbon assimilated by the non-motile form. Differences in the thickness of the annular multilayered mucous envelope may be related to changes in the metabolic rates of the cells in response to their physical environment, since low light intensity has been suggested to reduce the rate of carbon released extracellularly by Phaeocystis colonies (Guillard & Hellebust 1971) .
